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Impurities  in  physiologically  active  substances  may  lead  to  erroneous 
concepts of their action.  Such a  situation is actual when the substance in 
question  is  protein  in  nature.  The  development  by  Tiselius  (1)  of  the 
technique  of  electrophoresis  has  made  this  a  valuable  tool  in  character- 
izing  proteins.  We  (2)  have  already  shown  that  a  highly  purified  and 
potent  preparation  of  the  pituitary  lactogenic  hormone  behaves  like  a 
single substance in  the  Tiselius apparatus.  The present study is a  report 
to the  effect that  the  same technical methods show electrophoretic homo- 
geneity  in  a  preparation  of  the  gonadotrophic hormone in pregnant mare 
serum  (PMS)--a  protein substance  (3). 
EXPERIMENTAL 
Gonadotrophic Preparation3--The  method  of preparation  was  essentially  that  de- 
scribed by Goss and Cole  (4)  and we are indebted to them for making their  findings 
known to us in advance of publication. 
Forty liters of pregnant mare serum were brought to pH 8.98 and acetone equal  to 
90 per cent of its total volume was added.  The precipitate was removed and washed 
with 40 liters of 50 per cent acetone.  The residue was faltered off and discarded.  The 
supernatants  were combined and  acetone was added  to  a  specific  gravity of 0.937. 
Acid was added to pH 6.0 and the precipitate which formed on standing was filtered 
off and discarded.  Acetone was added to  the filtrate to a  specific  gravity of 0.880; 
the dried precipitate weighed 19.779 gin. and exhibited a potency of 100 RIJ  ~ per mg. 
This crude powder was extracted with 40 per cent acetone of pH 6.40 solution.  The 
* Aided by grants from the Board of Research of the University of Califomia, from 
The  Rockefeller Foundation,  from Parke,  Davis  Company, and  from the  National 
Research Council  Committee on Research in Endocrinology.  Assistance was rendered 
by the Works Progress Administration, Project No. OP 665-08-3-30, Unit A-5. 
1 Commercially known as gonadin. 
2 One rat unit (RU) is defined as the smallest amount of a gonadotrophin which on 
intraperitoneal  injection  in  normal immature female rats  (3  days  injection)  causes 
development of follicles and estrous uterus in at least 2 out of 3 rats. 
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insoluble material was discarded.  The supematant was brought to 50 per cent acetone 
and pH 5.50.  The precipitate was removed and dried.  The pH was then adjusted to 
4.5  and the precipitate was removed and dried.  The powders from the pH 5.5  and 
pH  4.5  precipitations were  combined and  treated as above except  that  the  original 
extraction was made with 50 per cent acetone instead of 40 per cent acetone.  The 
final 50 per cent acetone (pH 4.5) precipitate weighed 667 rag. and possessed a biological 
activity of 1000 RU per rag. 
Electrophoresis Experime~s.--The  Hellige apparatus developed by Tiselius (1)  was 
employed; the technique has been described previously (2).  The protein solution which 
had been dialyzed and possessed the same pH and conductance as the buffer solution 
was  then  subjected  to  electrophoresis.  The  homogeneity and  the  migration  of  the 
boundary was determined by the schlieren method.  The hydrogen ion concentration 
of the solution was measured with the glass electrode and  its conductance with the 
usual Wheatstone bridge type of circuit and a Washburn conductivity cell.  All experi- 
ments were performed at 1.5°C. 
Ketene l~xperiraents.--The ketene was generated by an apparatus designed by  one 
of us (5).  The protein to be acetylated was dissolved in pH 5.7 ~  acetate buffer.  The 
solution contained 5 rag. of protein per cc.  The experiments were carried out at  room 
temperature. 
Carbohydrate Determination.--The  sugar content of the preparation was estimated 
by the method of Sorensen and Haugaard (6).  Into 15 cc. of 60 per cent H~SO4 were 
pipetted 1 cc. protein solution and 2 cc. 2 per cent orcinol in 60 per cent sulfuric acid, 
a blank omitting the orcinol being set up for each solution.  After thorough mixing the 
solutions were heated in a  water bath at 80  ±  2°C. for 20 minutes, plunged into ice 
water, and cooled in the dark.  The color developed was measured in a  Cenco-Sanford- 
Sheard photelometer using a  blue filter.  The sugar content of the solution was read 
off from a  calibration curve which was made using galactose as the reference carbo- 
hydrate. 
Protein Nitrogen and Amino Nitrogen Determinations.--Estimation  of protein nitrogen 
was carried out in triplicate by the micro Kjeldahl method using selenium oxychloride 
as catalyst for digestion.  Amino nitrogen determination was performed using the Van 
Slyke gasometric apparatus.  The nitrous acid was allowed to react for 6 minutes at 
room temperature. 
Tyrosine  and  Tryptophane Determinations.--Lugg's  (7)  modified method  of Folin 
and Ciocalteu was used and 30 rag. of the preparation were dissolved with 0.5 cc. of 
5 ~  NaOH in a  small sealed test tube.  The test tube was then put into a  steam bath 
for about 35  hours.  The  tyrosine and tryptophane in  the hydrolyzed solution were 
determined in the same manner as described by Lugg except the colorimetric compari- 
sons which were made in a Cenco-Sanford-Sheard photelometer instead of a colorimeter. 
RESULTS 
Eleclrophorelic  Homogeneity  and  Isoelectric  Point  of the  Preparation.- 
Fig.  1  shows  the  migration  of  the  boundary  resulting  from  the  electro- 
phoresis of 1 per cent solution, taken at 20 minute intervals in an electrical 
field having a  potential gradient of 8.08 volts per era.  The  schlieren band 
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is  shown in  Fig.  2.  The  average mobility  3 of the  protein  was then found 
to be 10.51  ×  10 -~ cm.2/volt/sec, in phosphate buffer of pH  7.53 and ionic 
strength 0.05  at  1.5°C.  The well defined and sharp boundary observed in 
these  experiments indicates  a  high  degree  of purity  of  the  substance.  It 
must be admitted that all that is established is that possible contaminants 
FIG. I.  Schlieren  bands of PMS gonadotrophin.  Exposures were made at 20 minute 
intervals and the current was reversed after the fourth exposure. 
Fro.  2.  Schlieren  bands  of  the  ascending  boundary.  Exposures  were  made  at 
16 minute intervals. 
have the  same or nearly the  same mobility as the main component of our 
preparation--so that resolution into two boundaries was not permitted. 
3 It will be seen in Table I  that the mobility of a  more dilute protein solution (ca. 
0.2 per cent) is also 10.38 ×  10  .5 in the same buffer.  Thus, the protein concentration 
does not change the electrophoretic mobility.  However, Davis and Cohn (8) observed 
that the mobility of hemoglobin is directly proportional to the concentration.  Recently, 
Stenhagen and Teorell (9) arrived at an opposite conclusion from their studies on thymo- 
nucleic acid. 
We also found that the mobility varied with the potential gradient. 
pH  E  uX10 -~  (Au/AE) X10  -5 
4.01  7.76  4.22  0.051 
4.01  15.52  4.62 
4.55  7.73  5.68  0.030 
4.55  16.80  5.95 
The change of mobility per unit gradient increase was about one-tenth of that obtained 
by Stenhagen and Teorell.  This phenomena may be explained by the Wien effect (I0) 
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We have also determined the mobility of the hormone in a  wide range of 
hydrogen ion concentrations.  The mobility studies were made with about 
TABLE  l 
Electrophoretic Mobilities  of PMS Gonadotrophin at 1.5°C. in Buffer  Solutions  o/Vary- 
ing pH and Constant Ionic Strength (0.05) 
Experiment  No. 
L 594 
L 584 
L 582 
L 590 
L 591 
L 587 
L 578 
L 608 
Buffer 
Potassium chloride 
Phthalate 
Phthalate 
Phthalate 
Acetate 
Acetate 
Acetate 
Phosphate 
pH 
1.64 
2.32 
3.02 
3.41 
4.01 
4.55 
5.40 
7.53 
u X  10-~ 
+3.67 
+1.22 
--1.51 
--3.34 
--4.22 
--5.68 
--7.42 
--10.38 
~1o 
+~ 
t  I  I  I  i  I  r  _ 
2  3  4  5  ~_  7  ~3 
pH 
FIG.  3.  Mobility of PMS gonadotrophin at different  hydrogen  ion  concentrations 
(temperature 1.5°C.). 
0.2 per cent solution in buffers of ionic strength 0.05 and constant potential 
gradient  (ca, 8.0 volts per cm.).  The results are given in Table l  and Fig. 
3.  The last column of Table I  is the mobility of the protein in cm3/sec./ C. H. LI, H. M. EVANS, AND  D. H. WONDER  737 
volt and the plus and minus signs refer to the charge in the protein.  The 
isoelectric point* of the hormone was found at pH 2.60-2.65 and the value 
du 
of dpH0  -  4.0  X  10  -5.  It is not surprising  that the isoelectric point lies 
in this high acid region, because most of the mucoprotelns (11) possess this 
characteristic property.  It is of interest to compare these results with those 
obtained for the gonadotrophic hormone in the urine of pregnant  women 
(prolan).  Recently  Gurin,  Bachman,  and  Wilson  (12)  have  found  the 
isoelectric point of their highly purified prolan at pH 3.3-3.4.  The different 
isoelectric points of the two hormones suggest that there is a different ratio 
of acid groups to basic groups in the two molecules and the differing ratios 
may  be  related  to  the  differences  in  the  biological  action  of  the  two 
hormones. 
Stabitity.--The preparation originally contained about 1000 RU per rag. 
When  the  dry powder  5 stood  at  room  temperature  in  the  desiccator  for 
about 2 weeks, the potency decreased to one-half and it became stable at 
this  potency.  The  electrophoretic  homogeneity,  however,  remained  the 
same,  while  the  solution  which  had  been  used  in  eight  electrophoresis 
experiments during a period of 35 days at 1.5°C. showed no loss of potency. 
The hormone  was stable in acid solution.  When 3 rag.  of  the protein 
were dissolved in  10 cc. of 0.5 ~  HC1 and kept at room temperature for 4 
hours,  the biological potency was not  changed.  On the other hand,  the 
hormone was greatly deactivated in NaOH solution under similar conditions. 
It was found that the potency became less than 20 RU per rag. 
Some Chemical Constituents of the Hormone.--Some chemical constituents 
of the hormone are summarized in Table II.  Of interest is the carbohydrate 
content  e which obviously classifies the hormone as a glycoprotein; whether 
it is essential for its biological activity is not yet clear. 
It has been pointed out by Cohn (13) that tryptophane and  tyrosine are 
* It is of interest  to note that Goss and Cole (4) found that the isoelectric point of 
their preparation  in 50 per cent acetone lies between pH 5.5 and pH 4.5.  The shift 
of isoelectric point toward the alkaline side indicates that the dissociation constant  of 
the acid groups in 50 per cent acetone is much smaller than  that in aqueous solution 
while the dissociation constant  of basic groups changes to a smiler extent. 
5 An independent  observation  on the instability  of the dry powder was made by 
Dr. H. H. Cole (personal communication). 
e The carbohydrate content of a crude PMS preparation was also investigated.  The 
potency of the crude PMS was about 50 RU per rag. and it contained only 6.0 per cent 
carbohydrate.  Thus the carbohydrate  determination  may be taken  as a measure of 
PMS potency in the purification of the hormone.  The carbohydrate  in the hormone 
was identified by orcinol method  to be galactose, using blue and green filters in the 
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particularly useful in the estimation of the minimal molecular weights of 
the  proteins.  Thus  we  calculate  the  minimal molecular weight  of  the 
hormone based on the tryptophane content to be 15,000.  If we assume that 
there are two molecules of tryptophane and six molecules of tyrosine in the 
protein, the molecular weight will be about 30,000 gm. 
Action of Ketene.--The effect of ketene on a  crude preparation of PMS 
has been reported recently by us (14).  The same results were obtained by 
applying the same technique to  this highly purified and potent sample. 
Ketene treatment of the protein for 30 minutes caused a marked loss of 
physiological activity;  the  treated substance has  a  potency of less  than 
1 RU per nag.  Since the amino groups in  sugar-rich proteins are  com- 
pletely acetylated (14)  by ketene at room temperature within 30 minutes, 
the results suggest that the physiological activity of PMS gonadotrophin 
TABLE  IX 
Some  Chemical Constituents  of the  Gonadolrophin in  Pregnant  Mare  Serum 
Composition  Percentage 
Protein nitrogen .................................................... 
Amino nitrogen  .................................................... 
Carbohydrate  ...................................................... 
Tyrosine  .......................................................... 
Tryptophane ....................................................... 
10.60 
0.46 
14.10 
3.54 
1.37 
depends on the free amino groups.  This finding is in accordance with the 
observations of Carfland and Nelson  (3).  They found that 84 per cent 
of the hormone was destroyed by exposing the hormone to 4 per cent formal- 
dehyde for 3 hours at pH 8.0.  It is known that formaldehyde reacts only 
with the free amino groups under the cited conditions. 
It may be noted in this connection, that Bischoff (15)  could not detect 
any significant difference between the gonadotrophin in pregnant women's 
urine  and  that  in  pregnant mare  serum.  In  our present  and  previous 
studies we (14) have shown that the free amino groups are important for the 
biological action of PMS gonadotrophin while blockage of the amino groups 
by  acetyl radicals  does not essentially disturb  the physiological activity 
of human chorionic gonadotrophin. 
A similar conclusion as to differences in the chemical behavior of gonado- 
trophins has been reached by studying the specific action of nitrous acid 
(16).  The  PMS  gonadotrophin is  inactivated  quickly  (one-half  hour) 
by  nitrous  acid  at  0°C.  whereas  human  chorionic gonadotrophin is  in- 
activated very slowly. c.  H.  LI,  H.  M.  EVANS,  AND  D.  H.  WONDER  739 
SUMMARY 
A highly purified and potent gonadotrophin in pregnant mare serum has 
been prepared.  The preparation has been shown to be electrophoretically 
homogeneous in the Tiselius apparatus.  The mobilities of the substance 
have been determined over a  wide range of hydrogen ion concentrations. 
The isoelectric point lies at pH 2.60-2.65 and the value of d~Ho is 4.0 X  10 -5. 
Some chemical constituents have been studied.  From the tryptophane 
and tyrosine content the molecular weight of the hormone is estimated to 
be 30,000. 
The hormone has been subjected to acetylation by ketene in aqueous solu- 
tion at room temperature and the result suggests again the essentiality of 
free amino groups for the biological activity of the hormone.  In this respect 
it is to be contrasted with  human chorionic gonadotrophin. 
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